Dynamin-related protein 1-mediated mitochondrial fission contributes to post-traumatic cardiac dysfunction in rats and the protective effect of melatonin.
Mechanical trauma (MT) causes myocardial injury and cardiac dysfunction. However, the underlying mechanism remains largely unclear. This study investigated the role of mitochondrial dynamics in post-traumatic cardiac dysfunction and the protective effects of melatonin. Adult male Sprague Dawley rats were subjected to 5-minute rotations (200 revolutions at a rate of 40 rpm) to induce MT model. Melatonin was administrated intraperitoneally 5 minute after MT. Mitochondrial morphology, myocardial injury, and cardiac function were determined in vivo. There was smaller size of mitochondria and increased number of mitochondria per μm2 in the hearts after MT when the secondary myocardial injury was induced. Melatonin treatment at the dose of 30 mg/kg reduced serine 616 phosphorylation of Drp1 and inhibited mitochondrial Drp1 translocation and mitochondrial fission in the hearts of rats subjected to MT, which contributed to the reduction of myocardial injury and the improvement of cardiac function. In vitro, H9c2 cells cultured in 20% traumatic plasma (TP) for 12 hour showed enhanced mitochondrial fission, mitochondrial membrane potential (∆Ψm) loss, mitochondrial cytochrome c release, and decreased mitochondrial complex I-IV activities. Pretreatment with melatonin (100 μmol/L) efficiently inhibited TP-induced mitochondrial fission, ∆Ψm loss, cytochrome c release, and improved mitochondrial function. Melatonin's protective effects were attributed to its role in suppressing plasma TNF-α overproduction, which was responsible for Drp1-mediated mitochondrial fission. Taken together, our results demonstrate for the first time that abnormal mitochondrial dynamics is involved in post-traumatic cardiac dysfunction. Melatonin has significant pharmacological potential in protecting against MT-induced cardiac dysfunction by preventing excessive mitochondrial fission.